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In April 1987, four nonitoring wells were drilled adjacent to a 46-mhigh (150
ft) sanitary landfill near southern Biscayne Pay (Figures 1 and 2). The cored
wells served two purposes: (1) they deternined |ocal stratigraphy and |ocated
the nost perneable zone, and (2) they provided water sanples for chenical
anal ysis. Because surface and ground water flow is toward Bi scayne Bay all four

wells were drilled between the landfill and the Bay. Station A, consisted of
one well drilled 30 m (100 ft) from the base of the landfill, and station A
consisted of three wells approximately 150 m (500 ft) from the landfill (Fig.

2). The wells at station A consisted of one drilled to 1.5 m(5 ft), one to 4.5
m (15 ft), and one to 9.1 m (30 ft). The deep well was drilled first to
determine depth to a regional, relatively inpernmeable unconformty called the
@] (Perkins, 1977). The unconformity at station A consists of a 4-cmthick
(1.6 in), lamnated calcrete crust like that presently form ng on the surface
of the Florida Keys (Miulter and Hoffneister, 1968, Robbin and Stipp, 1979;
Shinn and Lidz, 1988). The B horizon (Perkins, 1977) is located 5.1 m (17 ft)
bel ow | and surface and approximately 4.5 m (15 ft) bel ow nmean sea level at site
A. The dense, relatively inperneable calcrete layer caps a 40-cmthick (16

in.), fine-grained freshwater |inestone layer that 1is also relatively
i mpermeabl e. Most significantly, the 3 is overlain by a 40-cmthick, highly
porous and perneable zone <containing |eeched i nterconnected porosity
consisting of channels 1 to 2 cm in dianeter. Perneability is so great_that
water circulation is |lost when the zone is encountered by the drill bit. ] This
per neabl e zone occurs regionally, according to Perkins (1977), and has been

found in all wells drilled in Florida Bay and Biscayne Bay by the USGS Fisher
Island group. Mnitoring wells were cased with 2.54-cm |.D. dianeter (1 in.)
PVC pipe. At station A the pipe in the 1.5-m (5 ft) well is perforated between
1.2 and 1.5 m (4 and 5 ft), the 4.5-m (15 ft) well is perforated between 4 and
4.5 m (14 and 15 ft), and the 9.1-m 430 ft) well is perforated between 8.5 and
9.1 m (28 and 30 ft). At station A", 30 m (100 ft) from the landfill, the
single well is also perforated between 4 and 4.5 m The bottom end of all the
PVC liners was | eft open.

Al wells were cemented and sealed with Portland cenent fromthe surface down to
the perforated zones. Seven days after casing was set, 568 liters (150 gall ons)
of water were punped fromevery well except the 1.5-m (5 ft) well, which was in
such inperneable linestone that only a few liters could be renoved. Water for
chem cal analysis was collected by lowering a 1-cmdianeter (0.4 in) tygon tube
to the perforated zone and punping with a hand-operated EPA-recomended
peristaltic punp. Sanples were placed in sterilized vinegar bottles.

Cheni cal anal ysi s
Water fromthe perneabl e zone above the unconfornmity at well A (closest to the

landfill) was greenish-yellow in color and had an extrenely noxi ous odor much
i ke a chem cal solvent with a distinct HS and/or anmonia snell.

Fresh water was circulated through the drill pipe during drilling. Usually, the water
flows up the annulus to the surface except when it is lost in a perneable formation.
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Figure 1. Map of southern Biscayne Bay showi ng | ocation of Black Point study
ar ea.
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Figure 2. Detailed map of landfill area showi ng previous deep well, well
stations A and A drilled for this report, and proposed off shore wells.

Water fromthe 4.5-m (15 ft) well at station A 150 m (500 ft) fromthe landfill
was clearer than that fromwell A but had the same odor. Water fromthe 9.1-m
(30 ft) well at station A (below the 3 unconformty) was the clearest and had
only a faint HS odor. Al water sanples were fresh according to field tests
with an optical refractoneter.

The results of chemnmical analyses are shown in Table 1.

DI SCUSSI ON

The highest |evels of the pesticides Lindane, Aldrin, o,p’ -DDD, and Endosul fan,
and the plasticizer dimethyl phthalate were found in the 4.5-m (15 ft) well at
station A above the unconformity. In the 9.1-m (30 ft) well, only Adrin,
Endosul fan, and di methyl phthalate were detected, and their concentration was
about half that found in the 4.5-m (15 ft) well.

Surprisingly the discolored noxious snelling water fromthe 4.5-m (15 ft) well
closest to the landfill did not contain detectable anmpbunts of pesticides, and
only a trace of the plasticizer dinethyl phthalate. Aliphatic and aromatic
hydrocarbons were detectable in all wells with the |least amount found in the
4.5-m (9.1 ft) well below the unconformity. Heavy-netal concentrations were not
significant.

Usi ng these chemicals as tracers, the analyses clearly show the confining effect
of the @ unconformty and denonstrate the zone that should be nonitored is
between 4 and 5 m (14 and 17 ft) below the surface. W do not know why | evel s of



pesticides are higher in the well farthest fromthe landfill but note that the
two sites are separated by a 3-mdeep (10 ft) drai nage canal. This canal (Goul ds
Canal) fornerly drained agricultural lands to the west before being damed to
prevent contamination of Biscayne Bay. W also note that station A is on the
same side of the canal as an abandoned private dunp, where pesticides and ot her
toxic wastes nmay have been discarded prior to establishment of the
county-operated landfill. The county landfill is lined with fine-grained |ine
mud, locally called marl, which may inpede downward percol ati on of |eachate.

Bayward flow of both surface and subsurface water along the western margin of
Bi scayne Bay is well docunented, and before draining of the Everglades in the
1920e and 1930s, drinkable water was collected in the Bay where it bubbled up
through the porous |limestone. There can be little doubt that during and after
heavy rainfall, significant anmbunts of ground water flow out under and into
Bi scayne Bay. Figure 3 is a graphic nodel of how we think subsurface flow
occurs.

RECOMMVENDATI ONS

Future subsurface nonitoring should be targeted on the highly perneable zone
above the @@ wunconformty. Existing nonitoring wells placed below the @3
unconformty, as were nost of the wells presently being nonitored as prescribed
by the EPA, are not likely to detect contami nation of ground water or enable
determ nati on of whether pollutants are entering Biscayne Bay. Sone |eakage of
the @B unconformty undoubtedly occurs but during times of heavy rain flooding,
major lateral flow will be above the unconformity. Such flow will undoubtedly
enter the bay in a manner simlar to that indicated in the nodel in Figure 3.
To docunent this flow fully, wells should be established offshore in the
per neabl e zone above the @ unconformty.

Sanpling for contami nants should only be conducted follow ng periods of heavy
rainfall, rather than on a set schedule. A biological monitoring system should
be established to deternine effects if flow of contanmi nated water into the Bay
i s confirmed.
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Table 1.

Pesti ci des (ng/L)

Vel | Li ndane Al drin
A-15 307.7 98. 3
A- 30 BDL 69.1
A BDL BDL

Pl asticizers (pg/lL)

A-15 33.6
A-30 11.0
A 1.5

Ali phatic hydrocarbons (pg/L)

C 12 C 13 C 14
A-15 0. 023 0. 0203 0. 008
A- 30 BDL BDL BDL
A BDL BDL BDL

Aromati ¢ hydrocarbons (ug/L)

Acenapht hene Fl uor ene

A-15 0. 046 BDL
A-30 BDL BDL
A 0. 054 0.412

Trace el ements (ng/L)

As cd Cr Cu
A-15 <0.01 <0.01 <0.01 <0.01
A-30 <0.01 <0.01 <0.01 <0.01

A <0.01 <0.01 <0.01 <0.01

o, p- DDD Endosul f an
47.6 147. 4
BDL 69. 4
BDL BDL
C 15 C 16 C 19
BDL BDL 0.181
BDL BDL 0. 038
0. 036 0.027 BDL
Fe Pb Sn
<0.2 <0.1 <0.5
<0.2 <0.1 <0.5
<0. 2 <0.1 <0.5

C 24
0. 582
BDL

|_g
<0. 002
<0. 002
<0. 002




Figure 3. Schematic nodel of Black Point landfill area showi ng effect of 3
unconformty on subsurface water flow



